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16 Abiiriiei 

This report presents the findings of a voluntary test program conducted by 
personnel frcrn NHTS^% the EPA, and state or private school bus agencies. The 
tests were conducted over a ten month period during which school buses were tested 
for carbon monoxide levels under different cl 1 ma to log leal conditions. The 
objective of the test program was to determine whether or not there are any 
serious CO intrusion problems or indications of potential problems on a small 
sample of the nation's school buses. The program was not designed to gather 
data from a statistically significant sample size. . 645 tests were conducted 
In all areas of the United StateSs under varying test condltionsi and using 
test equipments wi th di f feren t accuracies. 

Test results showed, based on a recommended level of 20 parts per million 
(PPM), that 7,2% of the buses tested exceeded this level, and 5.41 of the 
buses tested had maximum CO readings above 50 PPM. 

Recommendations included (1) developnient of advisories for concerned state, 
local, and private school bus agencies defining necessary maintenance and inspection 
procedures that will reduce or eliminate the CO intrusion problem^ (2) promulgation 
of a standard defining maximum allowable CO levels for school buses, (3) conduct 
of additional CO testing under controlled conditions and with an expanded data base. 
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EXECUTIVE SUMMARY 



A, Intro duction 

Several carbon nionoxide poisoning incidents involving school 
children and school bus drivers in transit (to and from school) have 
been reported in recent years. Each of these Incidents has focused 
public attention on the problem of carbon monoxide intrusion Into 
school buses. Although to our knowledge no deaths have occurred, 
many instances of headachei sickness s and nausea have been reported. 
As a result of this public concern and Congressional inquiries the 
NHTSA Associate Administrator, Traffic Safety Programs, requested 
the Office of State Vehicle Programs to develop test procedures for 
measurement of carbon monoxide levels In school buses and to 
investigate the magnitude of the problem of CO levels In school buses 
The program was planned to use local, regional , Federal i and State 
personnel and facilities, on a voluntary basis, to perform the testin 
A program plan was sent to the regions in November 1976 which defined 
the test objectives, test procedures, data requirements and responsi- 
bilities of OSVP and the regional offices in carrying out the test 
program. Response in some regions was rapid, with initial testing 
beginning in November 1976 and continuing through 1977, A total of 
645 tests were conducted by the various regions as shown in Table 1, 
"Summary of Carbon Monoxide Testing by Region." 

B. Test Program Objectives 

The basic objective of the school bus carbon monoxide Intrusion 
test program was to determine whether or not there are any serious CO 
intrusion problems or Indications of potential problems 1n a 
representative sample of the iiation's school buses. In order to 
determine the criticallty of CO intrusions field test readings of 
levels were taken on school buses In different regions, so that a 
ripresentati ve sample of school buses could be tested under varying 
climatol ogical conditions. 

A sicondary objective was to develop Inspection procedures 
covering the mechanical condition of school buses that could 
contribute to high CO Intrusion levels. Condition of the exhaust 
system, emergency door seal, and floor pan* could all have an effect 
on CO levels. 

Other program objectives were to evaluate various carbon 
monoxide test equipment In field use; to obtain data from local 
school districts regarding carbon monoxide incidents; and to deter- 
mine what effect school bus types, age of bus* and maintenance- 
Inspection procedures might have on CO levels. 
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C. Test PrQcedures 

CO readings were taken at or near the driver's positiDn and 
at or near the emergency door. Previous testing had established 
these two locations as potential problem areas under most operating 
conditions. Two types of readings were taken (1) real time read- 
ings of CO levels at any given time, (2) average CO readings where 
a sample was conected In an air bag over a period of time and a 
Time Weighted Average (TWA) calculated from the sample concentration 
versus time. 

An Inspection was made of the floor pan condition at the driver's 
position* the emergency doori and of the exhaust system to determine 
If the mechanical condition of the bus contributed to the level of CO 
obtained during testing. When inspection discrepancies were brought 
to the attention of school bus maintenance personnel during the test 
phase, the school buses in question were rtturned to the school bus 
service area and repairs made. In some cases^ it was possible to 
rerun a portiun of the test to verify that levels had returned to 
normal . 

D* Test Eq uipment 

Two basic types of carbon inonoKide measuring equipment were used 
in the testing. The first type is a manually operated suction punip 
device that draws a sample of measured volume through a detector tube 
filled with chemicals. The concentration of carbon monoxide is 
proportional to the length of stain shown in the detector tube- 

The second type of test equipment uses an electro chemical 
sensor, that reacts with carbon monoKide to produce a sniall 
electrical current* The current is then amplified and fed to a 
direct reading meter calibrated in parts per million (PPM), 

Recommended test equipment having the desired accuracies were 
listed in the test plan submitted to the regions. In some regions 
these test equipnients and necessary calibration gases were available. 
In other regions the carbon monoxide test equipments that were 
available, such as suction pump devices, are relatively inaccurate at 
low CO concentrations. These devices display ttie concentration of CO 
by length of stain of a detector tube and require a sizeable volume 
of an air sannple in order to obtain any reading at all. In many 
cases, data sheets were returned indicating zero rGadinys whereas all 
buses tested with test equipment using electrochemical sensors had 
readings of some level. 



t. Test R esults 



Section IX Pata Analysis presents a detailed discussion of the 
various Federal, State, and Industrial health organizations standards 
that establish triaximuni allowable levels of carbon monoxide under 
specific working conditions. These standards proniul gated vij' EPA, 
NIOSH, OSHA various State agencies^ and oryani zat ions such as the 
Ainencan Industrial Hygiene Association are priniarily concerned with 
the health and safety of industrial workers. As of September 1978 no 
standard has been developed that establishes maxinium allowable carbon 
monoxide levels for the passenger compartinents of school buses. Leg- 
islation to establish such a school bus standard was intraduced by ' 
Congressman Edward I. Koch as an amendment to the Clean Air Act 
(Congressional Record #2727 - April 1, 1976), but was not enacted 
into law. This amendment proposed establishing 20 PPM as a level of 
sigmficance for exposure of school children to carbon morioxide. A 
siimlar level of 20 PPM was proposed by the American Industrial 
Hygiene Association who recomniended this level as a community air 
quality guide for CO exposure based on a eight hour average This 
reference level of 20 PPM is used in Figures and Charts of this 
report as a baseline, above which it is considered to be a potential 
health problem. 

A summary of test results using this 20 PPM reference level 
follow: 

1. The Interior CO "average" PPM readings on all buses tested 
showed that 7,2% of the buses exceeded 20 PPM (Figure 9). 

2. The interior CO "maximum" PPM readings on all buses tested 
showed that 20% of the buses tested exceeded 20 PPM at some 
time during a run (Figure 10). 

3. The interior CO "maximum" PPM readings on all buses tested 
showed that 5.4S of all buses tested exceeded 50 PPM at some 
time during a run (Figure 15). 

4. The major factors affecting CO levels were: 

a. ambient CO levels 

b. condition of exhaust system 

c. firewall holes 

d. window and door seals 

e. engine idle CO 

f. leaks around emergency door caused high CO readings 

g. leaking windows tended to lower CO levels 

h. firewall holes tend to increase CO levels 

i. extension of tailpipe by 6 inches beyond rear buinper 
resulted in lowering of readings in rear of passenger 
compartment 

j. Some cases of high CO intrusion in rear of bus were 
corrected by replacing emergency door seal 
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Conclusions and Rocommenda ti Q_ns_ 

1, No standard exists at the present time from any government 
or State agency that defines the maxifnum allowable carbon 
monoxide levels in the passenger compartments of school 
buses . 

Analysis of thki Cdrbon (nonuxide intrusion test data 
iiidicdtes d potentially cJdnyejrous situation exists on a 
hiyh ptjrcenta<jy of school busus based on the 20 PPM 
reference level as follows: 

d. 1 of all buses tested had "averaye'' readinys in 

exesss of 20 PPM. 
I). 'lO% of dl 1 buses tested had "inaxiimjm" readings 1n 

excess uf ZU PPNu 
c* of all buses tested has "iiiaxlniurii" readinys in 

excess of bU PPM. 

If these percentages can be. projected on a nationwide 
basis and using average figures of the National Safety 
Council relative to pupH ridershipi it means that on 
a daily basis about 2.1 million pupils would be exposed 
to CO levels in excess of 20 PPM and K6 million pupils 
would be exposed to "maximufn" CO levels in excess of 
50 PPM. 

3, Carbori iiionoxide levels are affected by fnariy Vdriables which 
include colci v/eather operation with windows up and heaters 
OHj operation in an urban area versus a rural area, age of 
school bus, and hiyh altitude operation (Denver), 

4, The two factors having greatest effect on CU intrusion are 
"idle CO leveV and "compartment integrity," Factors 
affecting these items include defects 1n exhaust system, 
rusted areas in bus bodys tailpipe too short, and leaking 
seals around windows and emergency door. 

High CO levels in nearly all cases could be attributed to 
high aiiibient CU level or mechancial condition of the bus 
body or the exhaust systenu 

fa* A cofiiprehensi ve maintenance and inspection program is 
required to control CO intrusion levels* 

Kgcomniendations 

1, Advisories should be prepared for concerned State^ local 
and private agencies involved with school bus maintenance 
and inspection tfiat recoinniend necessary tiiaintenance and 
inspection procedures that will reduce or elirninate the CO 
i ntrusi on probl em. 
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Responsible Federal or State agencies should profnulgate a 
standard defining niaxirnun] allowable CO levels for school 
bu ses* 

A R&D program should be developed under control led condition 
and with an expanded data base to further investigate the CO 
intrusion problem in a1 1 school bus areas In the U*S, 
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BACKGROUND 



Seyeral carbon monoxide poisoning incidents involving school 
children and school bus drivers while in transit to or froni school 
have been reported In recent years* Each of these incidents has 
focused public attention on the problem of carbon monoxide Intrusion 
into school buses. Fortunately^ to date no deaths have occurred^ 
but several incidents have been reported where the school bus driver 
or pupil passenger required hospitalization as a result of carbon 
monoxide poisoning* Each of the more serious incidents generated 
enough public interest that the local school board In most cases 
authorized an extensive test program to measure carbon monoxide 
levels on other school buses within their Jurisdiction, Three of 
the more publicized incidents are presented In the following 
paragraphs. 

One Incident occurred in Shelby County^ Mississippi, on the 
morning of October 3^ 1966* (Ref. 3) A boy and his sister vyere 
found unconscious at the rear of the school bus after a 45 minute 
ride from their house to school. Efforts to revive the chndren 
were successful and no other children suffered any visible symptoms*. 
Examination of the bus established the fact that the end of the 
exhaust pipe had been partially crushed and forced out of allgnmert 
allowing the engine exhaust gases to discharge at a point seyeral 
inches short of and upward toward the rear of the bus directly under 
the seat occupied by the two children* Within one week of the 
Incident the Shelby County Board of Revenue and Control authorized a 
test program to nieasure carbon fnonoxide levels on other buses in 
their school system. 

The carbon monoxide tester used in these tests was a Mine Safety 
Appliance suction pump device that draws an air sample through a 
glass vial filled with chemicals and measures the carbon fnonoxide 
level by the change in the color of the chernicalsi Test was made at 
the end of each school bus run and consisted of having the tester 
depressing the bulb of the testing device as he entered the bus^ 
slowing walking to rear of bus* pausing a few seconds^ and 
proceeding to the front 4-nd out. One hundred ninety one (191) buses 
were tested and carbon monoxide was found in concentrations ranging 
from 25 PPM to 800 PPM, Of the total number of buses tested (99) 
tested positive for carbon monoxide* Ninety eight (98) buses had 
visibly defective exhaust systems beyond the engine manifold areas 
and seventy nine (79) buses had faults In the engine manifold area 
and/or visible openings in the cab firewall or floor board in the 
vicinity of the driver* 
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Another incident occurred on December 16, 1971 in Seattle, 
Washington, (Ref. 16) Eight children became ill on a school bus 
carrying a group of children enrolled in a private school* Five of 
the children, one of whom was unconscious^ were taken to a local 
hospital for treatnient* Symptoms incl uded drov/si nessj head ache, 
and nausea which were found to be due to carbon monoxide poisoning. 
The Seattle-King County Department of Public Health was notified of 
the incident and an Investigation was conducted on all of the buses 
owned b^ the school. Carbon monoxide levels ranyed froni 10 to 25 
PPM in the five buses tested* The bus in which the children had 
becanie ill had a level of 15 PPM despite the fact that the exhaust 
system had been repaired. 

Another incident occurred in Denver^ Colorado^ on December 13, 
1974. (Ref. 4) Thirteen chndren and a driver became ill as a 
result of overexposure* After a brief hospital ization, all were 
released with no harmful after effects. Of interest in this case 
was the fact that even though the bus was equipped with carbon 
monoxide detector buttons^ the buttons did not change color as they 
should have when exposed to a critical carbon nionoxide level. 
Inspection of the bus disclosed a defective rear door seal and 
intrusion points near the driver at the brake and accelerator 
pedd I s . 

There are many factors that affect carbon nionoxide intrusion 
into school buses* The necessary frequent stops and relatively low 
speeds at which buses travel is a factora particularly If the 
exhaust system is damaged in any v^ay* When in niotionj a school bus 
displaces a large amount of air thus creating a high pressure area 
immediately behind the bus which forces exhaust gases into the bus 
through any opening at or around the en^fergency door. Leakage of 
carbon nionoxide from defective exhaust heat riser valves or exhaust 
manifold may be as serious as leakage from a defective muffler or 
tail pipe that Is too short and does not project beyond bus frame. 
Openings around the accelerator^ brakes and clutch pedals permit 
intrusion of carbon monoxide from the engine cornpartinent. 
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TEST PROGRAM OBJECTIVES 



The basic objective of the test program vcis to deternnne whether 
or not there are any serious CO intrusion problems or indication of 
potential problems on a representative sample of the nation's 
school buses. In addition to this basic objective, the secondary 
objectives are: 

1. Determine carbon monoxide levels in school bus interiors under 
varying operating conditions, 

2. Determine the effect of cliniatological and environmental factors 
on carbon monoxide levels 1n school bus Interiors*^ 

3. Determine what effect school bus types^ age of bus^ and 
Inspection/maintenance procedures have on school bus CO levels, 

4* Develop Inspection procedures and operating rnal ntenance 

procedures for a school bus interior carbon monoxide testing 
program, 

5. Perform analysis of data variants to determine trends, 
indicative of a safety problem if any* 

6, Obtain data from local school districts regarding carbon 
monoxide Incidents that would indicate excessive CO levels 1n 
school bus Interiors, 

7* Develop proficiency training procedures for school bus drivers 
to include operation of Carbon Monoxide test equipments, 
recognition of CO poisoning symptoms^ and school bus inspection 
techniques to detect exhaust system faults* 



E: The program was designed to be voluntary with no Intention 
of gathering a statistically significant sample size. It 
was hoped that there would be wide enough participation 
to be somewhat representative of the general condition oF 
CO in school buses. 
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SUUHCES UF CARBON MONOXIDE 



Exposure to carbon monoxide by the driving population corTies 
primarily froiii three sources: the atniosphere, vehicle exhaust , and 
snioking. In 1968 it was estimated that 102 million tons of CO were 
released into the atmosphere by the major sources of eniission (U*S* 
Department of HEW, Pub. No. AP-62, 1 970). Over one-half (58%) was 
pruducea by autoniotive enyines. Other major sources include 
refineries^ foundries^ paper mills, and other manufacturing plants* 

A study concluuted in 1973 by the Department of Environmental 
Medicine* Medical Colleye of Wisconsin sought to determine the range 
of carbc^cy henioylobin (COH^) in various segments of the population 
of the United States* (Ref, 5) Blood samples were taken from 
30,b25 adults at different blood banks* About 45% of the non- 
sniokiny blood donors tested had COH^ saturations greater than 1*5 
percent with 9i)% of the ranye between 0.4 and 3,7 percent. Fifty 
one percent of the smoking blood donors had COHu saturations 
greater than 4*5 percent with 90% of the range Detween 0.9 to 10.4 
percent. Other factors found to Influence the COHjl saturation 
were the geoyraphical location of the individuals his occupation, 
and meteorological conditions. Persons sampled in urban areas with 
high automobile density consistently had COHu levels greater than 
those nieasured in persons sampled in areas of low automobile den- 
sity. Figure 1 "Carbon Monoxide Blood Levels" shows the cumulative 
distribution of the Blood CO Concentration, (Ref, 5 - Page 24) 

Tfie amount of CO rifeasurable in rural areas Is relatively small ^ 
but can reach very high levels In urban areas. Measurements made in 
19Bu at the intersection of Park Avenue and 45th Street 1n New York 
City reached an average hourly reading of 17 PPM during morning 
traffic, with a range of 19 to 95 PPM during evening rush hour 
traffic* Similar tests conducted in Chicago attained readings of 21 
PPM and 71 PPM during same time spans. Highest readings were 
attained in Los Angeles where peak CO concentrations reached 120 PPM 
with ranges of 20-30 PPM being consistent throughout the year. 
Results of a survey (14) conducted by U,S. Department of HEW (1970) 
which took data from various sources and combined and categorized 
the data Into six types of areas ^ after which a uniform maximum 
eight hour averaging tifue concentratio/n was calculated^ is shown in 
Figure 2. Figure 3 shows the concentration and duration of 
continuous CO exposure required to produce specific blood COH. 
concentrations in healthy adult males under non-working conditions. 
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FIGURE 1. CARBON MONOXIDE BLOOD LEVELS 
(Ref. 5 - Page 24) 
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FIGURE 2. MAXIMUM ANNUAL EIGHT HOUR AVERAGING TIME 

CONCENTRATIONS OF CARBON MONOXIDE EXPECTED 
AT VARIOUS TYPES OF SITES (Ref. 5. pg. 23) 
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FIGURE 3. CONCENTRATION AND DURATION OF CONTINUOUS CO EXPOSURE 
REQUIRED TO PRODUCE BLOOD COHb CONCENTRATIONS OF 1.25, 
2.0, 2.5, 5.0, 7.5, AND 10 PERCENT IN HEALTHY MALE 
SUBJECTS ENGAGING IN SEDENTARY ACTIVITY 
(Ref. 5 - Page 22) 
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PHYSIOLOGICAL EFFECTS OF CARBON MONOXIDE 



A* BackgrQund 

Carbon monoxide is a colorless, odorless^ non irritating gas 
produced under conditions of Incomplete combustion of hydrocarbons. 
The toxic effects of carbon monoxide are due to the combination of 
this gas with the hemoglobin of the blood. Hemoglobin Is the 
substance contained in red blood cells which 1s responsible for the 
transport of oxygen. Oxygen passes into the lungs where tiny a1r 
sacSj richly supplied with blood, diffuses it into the red blood 
cellSt Once oxygen enters the red blood cells^ It forms a bond with 
the hemoglobin of the cells and is transported in this manner to the 
tissues of the body where it is reieased for tissue consumptionp 
Oxygen is a basic requirement for human life and must be supplied in 
proper amounts in order for the body tissues to perform their 
functions. Carbon monoxides however, also forms a strong bond with 
the hemoglobin of the blood. Since CO has 200 to 30O times the 
affinity of oxygen for hefiioglobins a sniall amount of CO rapidly and 
more avidly combines with hemoglobin than does a larger quantity of 
oxygen* This combination of CO with henioglobin (H.) farms the 
substance carboxy hemoglobin (COH5) which very efTectlvely blocks 
the uptake of oxygen by hemoglobin* The ultiniate result Is lack of 
oxygen for the tissues and different levels of physical impairment 
depending on the percentage of COH^, 

Effects of C O on Driver Performance 

Many studies have been conducted on the effects of carbon 
inonoxide on driver performance. (Ref. 6, 7, 8, 9, IO5 11, 12) 
These studies have generally been single task oriented experinients 
conducted on healthy young males and dealt primarily with testing 
sensory perceptions and motor activity under varying concentrations 
of carbon monoxide and time exposure. Adverse effects on human 
performance show up as low as 5 percent COH^ concentrations and 
become progressively more deleterious as concentrations increase 
beyond 20 percent COH^. J.H. Schulte found impairment of the 
higher centers of the central nervous system which controls some of 
the cognitive and psychomotor abilities^ at levels below 5 percent 
COH^* Groll-Knapp found significant effects in an acoustical 
vigil ance' test at about 3 percent ZOH^. (Ref. 5) 

In addition to the general tests, an entire series of visual 
tests have been developed to measure the effects of CO. Flicker 
fusion tests have resulted in conflicting findings* Some 
researchers found significant effects at 5 to 10 percent COH5 and 
16 to 20 percent COH^ while other researchers could not find any 
effect 1n range of 5.3 to 12.9 percent COH. . One researcher 
observed a decrease in performance from 3 to 5 percent with a return 
to normal at 7-1/2 percent COH^, (Ref. 11) 
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Other visual tests that were studied for the effect of CQ include 
visual acuity at low levels of illumination, dark adaption^ and 
differential brightness sensitivity. It was observed that since CO 
reduces the oxygen supply , deprivation by CO hampers the ability to 
see at night. The brightness threshold was affected at a level of 
4.5 percent COH^, and the ability to match the Intensity of two 
light sources was affected at 20 percent COH^- 

R.A, McFarland in a paper before the 1971 Automotive Air 
Ponutlon Research Syniposium (Ref. 12) Identified the three most 
critical factors In the driving task as (1) depth perception^ (2) 
the ability to recover from bright light sources^ (3) the ability to 
assimilate a variety of visual stimuli emanatiny from different 
parts of the environment. While performing central and peripheral 
vision tests at COHj^ levels of 6, 11, and 17 percent it was found 
that when stimuli was presented in both the central field of view 
and the peripheral field of view (within one second of each other) 
the central vision Information was acted on while the peripheral 
vision Information was missed or not acted upon. Missing informa- 
tion or not acting on information increased as the COH^ levels 
increased. Both field of view deteriorated as the COH^ level 
increased^ with the central vision being the least affected. The 
glare recovery threshold was found to increase at COH. levels of 6 
and n percent- However, depth perception was not affected even 
when CD was administered to levels 3.4 percent above the Indi- 
viduars existing level* (Ref, 5) 

C. Driving Performa nce Tests Under Controlled Conditions 

In order to obtain more realistic test results, researchers have 
conducted driving tests under varying CO exposure conditions. Unlike 
the single oriented experiments of the preceding section, these 
tests were designed to measure the effect of CO while a subject was 
siniultaneously performing the multiple tasks involved in driving. 
Personnel being tested drove or rode for 90 minutes 1n heavy traffic 
where CO levels reached 16 to 62 PPM. Tests were then conducted in 
the laboratory. It was found that during simple reaction time 
tests, the reaction time, for both healthy young males that were 
driving and middle age hypoxic subjects riding as passengers, 
significantly increased* (Ref. 9) 

In another series of tests conducted at nighty three subjects 
were exposed to CO to bring their CUH^ levels of 0, 10, and 20 
percent respectively. Sensory performance tasks^ normal driving 
tasks j and psychomotor driving performance was evaluated. Sensory 
perforinance tasks included time estimation^ distance estimation, 
tail light and brake light brightness^ and headway and peripheral 
detection. Normal driving tasks included repetitive cornering, gas 
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pedal reversals, velocity, and road exit velocity'. Psychomotor 
driving performance tests included speed hoi ding with and without 
the use of a speedometer lane position, lane position with speed 
holding without use of the speedometer, and maintaining constant 
headway with the lead car driven at oscillating speeds. (Ref. 5) 



V I. H_I STORY OF CARBON MONOXIDE TESTING 



Several tests have been conducted in recent years to measure 
carbon monoxide levels in school buses and passenger cars. Some of 
the tests were conducted under contract for the NHTSA, and others 
were perforrned by school districts or public health units. Tests 
were conducted 1n different areas of the country under varying 
climatic conditions and traffic densities. In some tests a complete 
inechamcal inspection of the school bus being tested was conducted 
so that carbon rnonxide levels could be correlated with mechanical 
condition , 

One test of carbon rnonoxide levels was conducted by Automotive 
Research Associates for NHTSA in 1972 (D0T-H5-QO1-1-161 ) . (Ref. 
1) The objectives of this test were to measure school bus interior 
carbon monoxide levels and to relate these levels to contributing 
factors. A total of 102 school buses were tested at Los Angeles, 
San Antonio, and New Orleans, Carbon monoxide levels were measured 
on all buses in an "as received*' condition, and then measured with 
the tailpipe or the exhaust manifold disconnected in order to 
simulate exhaust system defects* A sufriTiary of test results follows: 

1. Interior CO levels exceeded 25 PPM on 8% of the buses 
tested. 

2. Interior CO levels of buses which exceeded 25 PPM averaged 
36.8 PPM. 

3. Interior CO levels exceeded 65 PPM on 1*8% of the buses 
tested. 

4. Up to 25% of the school bus population could produce CO 
levels in excess of 65 PPM with exhaust system failures, 

5. In some cases exposure levels can exceed 500 PPM In 66 
passenger buses. 

6. The most Influential factors affecting Interior CO levels 
are engine idle CO^ firewall holeSt window and door seals, 
and gross exhaust system defects. 

Table 2 is a summary of the geographical effects on interior 
carbon monoxide (ICO) levels and shows percentages of buses which 
have significant ICO levels. 
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Buses Average ICO Buses with ICO Average ICO 

Area Tested As Received Over 25 PPM Buses Over 25 PpM 

Actual /Percent 

1- Los Angeles 52 5.3 6 11.5 27.2 

2- New Orleans 37 3.8 1 2.7 77.5 
4-San Antonio __23 4j_5 Z 8.7 35.3 

112 4.6 9 8.0 36.8 



Table 2. Summary of Buses with ICO over 25 PPM 
(Ref. 1 - Page 9) 



Table 3 is a summary of buses with ICO levels over 65 PPM. A 
carbon monoxide level of 67 PPM is considered to be the threshold 
limit which can cause carboxyhemoglobin saturation about the 10 
percent level 1ri healthy adult males. 



Number Buses Over 65 PPM 



Area 


Buses 


As 


Received 


With Tailpipe Defect 


With 


Manifold Defect 


Tested 


No. 


Percent 


No. 


Percent 


No. 


Percent 


1-Los Angeles 


52 


0 


0 


2 


3.7 


20 


38.5 


2- New Orleans 


37 


1 


2.7 


0 


0 


3 


8.1 


4-San Antonio 


23 


J_ 


4.3 


3 


13.1 


5 


21.7 




112 


2 


1.8 


5 


4.5 


28 


25.2 



Table 3* Sunimary of Buses with ICO over 65 PPM 
(Ref. 1 - Page 10) 



In 1972 the Seattle Department of Health conducted a test on two 
fleets of buses (Ref. 16.). The first fleet of five buses was owned 
by a private school and had been Involved in a CO poisoning Incident 
in December 1971* An investigation disclosed that all five buses 
owned by the school had significant levels of carbon monoxide in the 
passenger compartment ranging from 10 to 25 PPM with a mean value of 
15 PPM, As a result of this incident a broader investigation was 
conducted involving 200 school buses used in a ski school program on 
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Saturday and Sundays. CO levels mrm measured at arrival at the 
ski site^ Snoqualmie PasSs to determine in transit levels of CO. Of 
the 33 buses tested^ four exceeded the EPA inaximuni allowable concen- 
tration for an eight hour exposure, A second test was conducted on 
64 buses as they sat idling in the parking lot during the lunch hour 
when the students returned to the buses to have their lunch and to 
rest. Table 4 is a summary of CO levels measured during this test. 



Number 


Carbon 


Percent 


of 


Monoxi de 


of 


Buses 


PPM 


Total 


20 


0 


31 


21 


1-8 


32 


17 


9-34 


26 


3 


35-49 


5 


_4 


50-lUO 


6 


64 




lOO 



Table 4, Carbon Monoxide Levels Inside Buses Parked With 

Engines Idling at Snoqualmie Pass During the Lunch 
Hour (12 to 2 PM) 

(Ref. 16) 



in 1976 a member of Congressiiian Edward U Koch's (D-N,Y,) staff 
conducted a test of carbon monoxide (CO) levels on New York City 
sctiool buses (Ref. 4), In 93 out of 105 tests signflcant levels of 
CO were measured (in excess of 20 PPM)* This level is considered 
significant when compared to the EPA standard for carbon monoxide in 
industrial areas , where permitted levels are 9 PPM for a one (1) 
hour exposure period in arnbient air and 35 PPM for a one (1) hour 
period 1n an enclosed industrial area. Table 5 Is a summary of 
these tests; CO levels were measured in the rear of empty buses ^ 
with windows closed^ after about 20 minutes running time* 
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Nuiiibfer 


Carbon 


Percent 


of 


honoxide 


of 


Bust's 


PPM 


Total 


6 


0 


5.7 


& 


1-0 


5.7 


26 


9-34 


24.8 


47 


35-49 


44.7 


20 


50-100 


19^1 






100.0 



Table 5, Carbon Monoxide Levels of New York City 

Levels of New York City School Buses (1976) 
(Ref. 4) 



As a result of an Incident involving two school children who 
were overcome by carbon nionoxide while in transit to school, the 
Shelby County, Alabama Board of Education conducted a test of carbon 
monoxide levels on their school bus fleet in October 1966. (Ref. 3) 
One hundred ninety-one (191) buses were tested. CO was found 1n 
concentrations ranging from a trace (25 PPM) to 800 PPM. Exposure 
time on each bus averaged 56 minutes. Of the total number of buses 
tested, 99 tested positive for carbon monoxide, 98 had visibly 
defective exhaust systems beyond the engine manifold area, and 79 
buses had visible openings in the cab fire wall or floor board 1n 
the vicinity of the driver. The conclusions reached as a result of 
the test were, quote, "The data gleaned from this investigation 
establishes absolute correlation between a defective engine exhaust 
system and the presence of carbon monoxide in the atmosphere of the 
vehicles tested, and the large number of defective exhaust systems 
on relatively new buses operating under an orderly and efficient 
maintenance program seems to indicate the need for a comprehensive 
test program by bus chassis manufacturers to determine if the 
traditional and standard point of exhaust discharge, that is, a long 
tail pipe terminating at the rear of the vehicle is, in truth, the 
optimum point. The point of discharge is at a point just below the 
school bus emergency door which presents the possibility of entry of 
exhaust gases around the door unless the door is completely sealed." 
Drivers were not questioned about any symptoms but several 
volunteered statements that they had headaches or dizziness when 
they drove their buses. Several said that they had children get sick 
on the way to school. 
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An investiydtion of the concentration of carbon monoxide within 
the passenger compartment of motor vehicles was conducted by the 
Transportatlori Systems Center In 1971. (D0T-HS-829^2U2) (Ref. 7) 
This test involved six passenger cars of 1968-^1971 vintage* Each 
vehicle was instrumented so that the ambient CU level outside the 
vehicle could be saiiipled simultaneously with the CO levels at 
various points inside the passenger coriipartnient- Trunk tests were 
indde wtiile driving at 30 and 60 iiiph with different configurations of 
passenger car openings , at idle with passenger compartnient openings 
closed^ and using road and dynamometer tests to detarmine exhaust 
CU concentrations at typical roaa loads and speeds. CO concentra- 
tions for all vehicles tested were quite low under most conditions. 
One vehicle had 10 percent of its readings above 30 PPM during the 2 
minute driving test. Different configurations were tested to 
determine any change in CO levels: 

1. Air deflectors used on 2 station wagons reduced somewhat the CO 
levels in the passenger compartments. 

2, One vehic^ had excessively fiigh CO readings when driving test 
was run with trunk open. 



VII. TEST DESCRIPTION 



The major objective of this NHTSA sponsored test program was to 
measure ambient levels of carbon monoxide in the passenger 
compartments of school buses under normal operating conditions* 
Secondary objectives were to determine the points of intrusion of 
carbon monoxide and to correlate the mechanical condition of the 
school bus with the CO level measured during testing. Testing was 
conducted under all possible conditions such as: 

1, Cold weather operation with windows closed and heaters 
operating, 

2* Warm weather operdtion with windows down, 

3* School buses waiting In lines engines idling^ to pick up 
pupils at school. 

4. Short duration runs in urban areas with high ambient CO 
1 evel s, 

5* Long duration runs in urban areas with low ambient CO 
1 evel s. 

Since previous testing (Ref* 1, 7) had established that the two 
major areas of CO intrusion were the emergency door area and the 
firewall area near the driver; most readings were taken at or near 
these two areas, A special probe was utilized so that CO levels 
could be measured at the firewall gear shift boot, accelerator, and 
brake pedal holes in floorboard^ and at the rubber seal on the 
emergency door. Significant elevation of CO levels were noticed 
whenever an intrusion point was found. Two types of samples were 
taken: 

1, A real time meter reading that would reflect actual CO 
levels at any point in time. 

2. An average CO reading over a one-half (1/2) to one (1) hour 
period. 

It Is necessary to measure both kinds of carbon monoxide levels 
to properly correlate with the CO maximum allowable levels 
established by EPA, under provisions of the Clean Air Act (PL 91- 
604). These priifiary and secondary standards established by the Act 
are: 

1. 9 PPM - maximim eight hour concentration not to be 
exceeded more than once a year* 

2, 35 PPM - maximum one hour concentration not to be exceeded 
more than once a year. 



-22' Pg 



The EPA standard was based on criteria presented in the Air 
Quality of Carbon Monoxide (35 F»R* 4768). The specific data 
upon which the EPA based the CO standard was primarily the work of 
Beard and Wertheifn who presented evidence that low levels of 
carboxy hemoglobin in human blood may be associated with impairment 
of ability to discriminate time intervals. 

Air sampling techniques varied widely from area to area. In 
most cases test equipment had to be borrowed from OSHA, EPA, or a 
local department of health. Consequently, many different types of 
carbon monoxide test equipnient^ with different accuracieSj were 
utilized in testing. Some of the test equipments, particularly the 
suction pump types, do not read below 10 PPM so the validity of 
some of the data received, that indicated no reading, is question- 
able. In mdr^y cases only one reading was taken on each school bus. 
This reading was generally taken after a few minutes of running the 
bus at Idle in a school yard, without pupils aboard or the heaters 
on, so these readings, which generally fell between 0 PPM and 10 
PPM, did not reflect true operating conditions* 

Some readings were taken using test equipment that utilized 
potentiostatlcal ly controlled electrochemical sensors giving a high 
accuracy. This equipment which displays the reading on a direct 
reading meter can be calibrated using a calibrated gas to a ±2% 
accuracy. A special gas collection system was borrowed from EPA 
for use in obtaining air samples over an extended period. This 
collection system, consisting of a collection bag and a battery 
operated pump, was placed at the front or rear of the bus and run 
for the desired period. The collection bag was then disconnected 
from pump and the output fed to CO test equipment to get a PPM 
reading. The time weighted average (TWA) for a one hour 
concentration of CO could then be calculated. 

Visual inspection of the school buses was performed in many, 
but not all of the test runs in order to determine the mechanical 
status of the school bus being tested. The mechanical condition of 
the exhaust system was an area of primary Interest. A study 
perfonned for NHTSA on 1975, D0T-HS-4^U0947 "Survey of Safety 
Related Conditions in School Buses" Identified the following 
problem areas as common to many school bus exhaust systems. 

1. Cracking of the "Y" pipe leat^ng from the exhaust manifold. 
The cracking occurred at the point where the two arms of the 
pipe join. 

2. "Pull Apart" condition where exhaust members join. 

3. Bowing or bending of the tailpipe as a result of uneven 
expansion as the hot pipe is exposed to splashing water. 
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4. Hangar breakage. Failure of the exhaust pipe hangar brackets 
permits the pipe to hang unsupported and, in certain cases, 
contributed to the occurrence of ''pull apart" problems. In one 
case, a failure of a hangar bracket resulted in the tailpipe 
abrading air brake lines to the rear wheels, 

A simple leak check was used to inspect these types of 
failures* The tailpipe was temporarily blocked with a rag and a 
carbon monoxide probe attached to the CO tester was brought to 
close proximity of each Joint or connection to determine if there 
was a leak. In addition, a visual check was made to determine the 
presence of such conditions as rusted out muffler or tailpipe^ 
crushed tailpipe^ broken hangars^ or a tailpipe that did not 
project beyond the rear of the bus. The area near the driver was 
also thoroughly inspected for rust or holes in the firewall around 
the clutch^ brake^ accelerator pedals or at the gear shift boot 
that could represent a possible intrusion point* The emergency 
door seal was visually checked for evidence of deterioration or 
tears that would provide a path for CO to enter the bus. Due to 
the aerodynamic configuration of most buses* a low pressure area 
exists at the rear of a school buSj so that a leak at the emergency 
door combined with the pressure differential between the Inside and 
the outside of the bus* provides ready intrusion fo?^ exhaust gases 
coming from the tailpipe located a few feet away. 

Test were conducted by personnel from OSVPs and the Regional 
offices of NHTSA, Since the program was unfunded* no monies were 
available for contracting. Regional personnel were responsible for 
coordinating all activity with their region to conduct the testing. 
This effort involved determining suitable test sites within their 
respective regions to meet the desired mix of urban and rural 
operations J and soliciting the support of local Departments of 
Education, Health, or Motor Vehicles in cooperating with and par^ 
ticipating in the program. Test equipments were acquired from EPA, 
OSHA, or local Health Departments. In some cases personnel from 
the regions* local Boards of Education, local Health Departments, 
and State Superintendents of Pupil Transportation rode the buses 
and operated the test equipinent. 



vnu TEST LQUIPMENT 



Two diffefent techniques are used to measure carbon monoxide 
level Some equipment uses a manually operated suction pump 
device to draw an air sample over a chemical detector tube. The 
concentration of carbon monoxide is then measured by evaluation of 
the change in color of the chefnicals or the length of stain 
created by the chemical reaction with CO. The second and mo^t 
accurate method uses a potentiostatical ly controlled sensort In 
this system, ambient air is continuously drawn over a 
catalyt ical ly active electrode where the CO present is oxidized to 
CO2* The output signal is then electronically amplified and 
displayed on a direct reading meter in PPM- 

Sampling pump devices are made by several different 
manufacturers* One type device Is shown in Figure 4. These 
devices draw an air sample of measured volume through a chemical 
detector tube. The detector tube contains potassiumpal ladosulf ite 
which changes from yellow to brown depending on the level of 
carbon monoxide. Each detector tube 1s calibrated for use only in 
a particular manufacturer's device, and cannot be used with 
accuracy in different manufacturer's test devices. For use the 
glass detector tube is inserted into the sampling pump and both 
ends of the tube are cut off to provide a path through the pump 
for CO. The volume of the a1r sample is determined by the number 
of pump strokes used. As shown by the chart as the number of 
strokes are increased, the scale of measurement is changed. As 
can be seen on Figure 5 scale for 1 pump stroke, 1 Inch represents 
almost 350 PPM, Whereas for 5 pump strokes, 1 inch represents 
about 70 PPM. 

Another type of suction pump device uses an etched scale to 
measure the length of stain and then translate that length to 
percent {%) of carbon monoxide depending on the number of pump 
strokes taken (Figure 6). 

The second type of carbon monoxide measuring device uses a 
sensor which is similar to the battery in a passenger car. It has 
a positive and negative terminal electrolyte, and it produces 
electrical energy from chemical energy. The cell produces 
electric current in the presence of carbon monoxide (CO). Carbon 
monoxide gas contained in the air being sampled Is pumped from the 
intake, through a humidifierj and filter to the sensor coll as 
shown by Figure 7 - Model 70 Flow System Diagram. 



9 - 




Th© Univaridl Sampling Pump if en Intagral pari ©fi 
MSA Univorsol TQiting Kit, Model jH, Part No. 33500 

and 

MIA Uniyerial Testing Kit, Medel #2, Pari No. 83498 

The Univarial Sampling Pump Ig designed to permit the 
tneasureniant of toxic gases and vapors for which a vsrieiy 
of detector tubas hpva baen developed^ Duits, fumes, and 
mists, for which detection media have been developed, may 
be measured with the use of available accessories, 

Rsmete Sampling -»(usinf metal connictlng tube) May be 
accompliihed by placing detector tube in the remote end of 
the iimpling line. 

Note: For complete list of all available detection media see 
Summary Data Sheet, Part No, 

DiSCKIPTION 

The MSA Univtrsal Sampling Pump is a minually oper» 
■ted '*piston type'* pump of 100 cc air sample capacity, 

Rotiiting Held ^ A retatint head en which a rubber "tube 
holder" it mounted permit! air safrtpling it any of 4 distinct 
rates of flow through orifice holes in a etitionary flow 
control plate. Thus, an optimum flow rate ii selected for 
sampling any of the various contaminants for which tests 
€an be nade. The initructions Included with individual 
pickagei of tabes and reagent kits list the required orifice 
setting, A tube breaker hole is located on the face of this 
part. 

How Cofltrsl Pitte — The orifices In the flow control plate 
are individually iealed from the stnioiphere by means of 
"O" rings. Inde^ numbers engraved on the flow control 
pUti relate location of orificei to the pump Inlet. Rate ©f 
air flow into cylinder is controlled by that arifice which Is 
open to the inlet in the rotating head. A spring-loaded 
locking button on the rotating head gyirantees positive 
alignment between the pump inlet and gelected orifice 
during testing procedure. Always hold locking button in 
forward position when turning rotating head to prevent 
shearing locking pin.' 

Plltir Dli€ ^ A atainleis steel porous metal disc mounted in 
a rubber retainer is seated in the rotating heid beneath the 
tube holder. This serves as a filter to protect the orifices 
from particles of dust or dirt which might block the orificei 
and altgr Ihe flow rates. 

Shift The piston shaft is calibrated at 4 volume positions, 
i.e., 25, 50, 75 and 100 cc volume positioni. The shift can 
be automitically locked in position at these volumes by 
meant of a apring^loaded stop mounted in the back plate 
of the pump. 



Figure 4, Universal Sampling Pump 
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Figure 5. Calibration Scales 
PPM By Volutne 



Another type of suction pump device uses an etched scale 
to measure the length of stain and then translate that length i 
percent (I) of carbon monoxide depending on the number of pump 
strokes taken (Figure 6). 




CO eonctntration il indieitid 
by Itngth of itain in thi Indi^ 
oator tuba and meiiufsd on thi 
instrumint'i itehed scale; no 
color mstching required. 



Double'Sidrt Soals Aisurei Acourati Reading 



The stched fnetal scali af the MQNOXOR 
is double^iidid with the CO renfti segminted 
for ust with 1 or 2 aiplfatQf pump itfokts 
On one side, and 3 or 7 pump stfokts on thi 
oihsT side. Reviriing the icela is a simple 
operation, Optlmym icbIi riadibinty is af- 
forded by lelicting the numbif of pump 



strekts which Will produce the longest meas- 
urable iingth of itiln for the CO concon^ 
tfation involved. In thg table beipw iri 
liftid the ^ali ringti for the various si- 
pirgtOf pump iirokes with the 0,2% CO 
MONOXOR, 



ASPIRATOR 
PUMP 

11^0 pees 


0J% CO MOHOIO 
CARiON MONO^ 
PEmPff 


1 Utlnt |9-S0i0 TUiE 
Cipe iQALl RANGE 
FARTS PER MILLIQH 


I 

2 
3 
7 


.m is .07% 
.0001 to ,03% 


SO to 2000 ppm 
10 ta 1000 ppm 

iota fmpm 

S ts 360 ppm 



Far thi 0.5^ CO MONOXOR (ysinf li^SOil Tybe) tht CO liili ranitt 
ire .OOS to .S%, OQI to 15%, .001 to ,17%, in6 .000% to ,07% 
)&t If 2, i iMd ? M^lratsr pump itrokit rtipictjvilri 



Figure 6, CO Concentration Suction 
Pump Device 
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Figure 7- MSA Model 70 Flow 
System Diagram 



The function "^f the CO Analyzer 1s to measure and display the 
level of carbon monoxide (CO) In the ambient air* It accomplishes 
this by drawing in and analyzing the air by means of an 
electrochemical sensor. The sensor produces an etctrical current 
output whose magnitude represents the level of CO 1n the sampled 
air* The resulting current causes a meter indication showing the 
level of CO in parts per million (PPM)» 

As shown in Figure 8, the electrochemical sensor in the CO 
Analyzer contains a sensing electrode, a counter electrode, a 
reference electrode, and sulfuric acid solution as the 
electrolyte. The electro-oxidation of carbon monoxide occurs at 
the sensing electrode, and the counter electrode acts as the 
cathode where oxygen reduction occurs. The current caused by the 
electrochemical oxidation of carbon monoxide flows between the 
sensing and the counter electrodes* The reference electrode is 
required for the operation of potentiostat but no signficant 
current flows through this electrode. 

The potentiostat maintains a constant potential difference 
between the sensing and reference electrodes and supplies the 
power required for the electrochemical reaction. The anode 
potential is maintained at 0*15V versus the reference electrode. 
When air is pumped into the sensor, it is passed over the back 
(gas side) of the anode. The carbon monoxide diffuses to the 
electrocatalytic surface where it is electro-oxidized. The 
resulting diffusion limited current flowing between the sensing 
and counter electrodes is proportional to the carbon monoxide 
concentration in the sampled air. The carbon dioxide formed by 
the electrochemical reaction is removed continuously from the 
sensor cell at the same rate that it is formed* 
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IX. DATA ANALYSIS 



A total of 645 data sheets were received from different NHTSA 
Regions* Although data was received frorn all but one Region^ some 
of the major metropolitan areas and the State of California were not 
represented. The test prQcedures and test equ1 pments used to obtain 
carbon monoxide readings varied widely from Region to Region, In 
some cases (87) only suction pump type test equipfnents using the 
calibrated chemical vial were available- As covered in the section 
on test equipments the calibration scale of some of these equip- 
inents is 0-100 PPM in a measured length of stain of about 1/4 of an 
inch. The accuracy of readings taken with this equipnientj parti c-^ 
ularly for readings below 20 PPM, is doubtful because a reading of 
20 PPM which is considered to be a significant exposure would 
represent little more than 1/16 inch on the scale. Other detector 
tubes do not read below 10 PPM* About half of the 87 data sheets 
received using the detector tube method recorded a zero reading^ and 
23 otfiers gave readings between 6 and 10 PPM, giving 63 test 
readings beiow 10 PPM. 

Two different types of data were obtained. Data was categorized 
as "maximum" where only one reading was taken on a school bus either 
by use of suction pump type test equipment or by direct meter 
reading equipment. Data was categorized as "average'* where several 
readings were taken at different time intervals during the school 
bus run, and then averaged over the period of time of the run to 
obtain an hourly - Time Weight Average (TWA). Since both methods 
were used during testing the data totals In the "maxlrnurri'* and 
"average*' category do not equal the total number of data sheets 
received (645 )\ Categorizing data into "maximum" and "average" 
categories provides a means of comparing test readings against 
recommended maximum levels of CO prescribed by OSHA, EPA, NIOSH, and 
different State standards. These standards do not promulgate 
maximum allowable carbon monoxide concentration for school buses but 
apply primarily to industry workers* These standards prescribe 
carbon monoxide levels for both a '"maximum" exposure and an 
"average'* exposure over an eight hour period. 

EPA, OSHA, NIOSH, and State pollution control agencies do not 
agree on the maximum allowble CO concentrations at either the 
maximum or average value. The primary and secondary standards for 
carbon monoxide promulgated by the EPA on April 30^ 1971 under 
provisions of the Clean Air Act (PL 91-604) were: 

1* 9 parts per million (PPH) maximum - 8 hour concentration not to 
be exceeded more than once a year. 

2, 35 PPM maximum - one hour concentration not to be exceeded more 
than once a year* 
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As stated by the Adnii ni st rdtor, EPA, "These standards were 
intended to protect against the occurrence of hefnoglobiri levels above 
2 (two) percent which is considered to be the level that will pruvide 
an adequate safety niargin for protection of public health, and will 
protect against known and anticipated adverse effects on public 
welfare. " 

The Colorado Air Hollution Control Division adjusted thesy l^veln 
to reflect the reduced atmospheric pressure in the Denver area, 
because they believed levels set for sea levul conditons are not 
necessarily applicable for high altitudes* The levels proposed for 
the Denver Metro Air yuallty Control Region were: 

1- Haxiinuhi Tinie WeightLd Average (TWA) for fa hours - lU PPM. 

2, Maximur.i Time Weiglited Average (TWA) for 1 hour - 25 PPM, 

The National Institute for Uccupational Safety and Health (NIOSH) 
in "Criteria for d Recoiiimended Standard » Occupational Exposure for 
Carbon Monoxide" recomniended that the maximum (TWA) exposure for an 
eight hQur period not exceed 25 PPM* This level was defined as a 
significant exposure leveU 

The preceding standards were established for healthy adult males 
v^orking in an industrial environment and would be higher than those 
applicable to school children and women school bus drivers, 
Congressnian Edward I. Koch, in proposed amendment to the Clean Air 
Act (Congressional Record H2727 - April 1 , 1976), recorumended that a 
significant level of carbon monoxide concentration for school buses 
be established at 20 PPM, This figure is the same as proposed b^^ the 
American Industrial Hygiene Association who recoKiiiiended a conimunity 
air quality guide for CO exposure of 20 PPM as an eight hour average 
which is stated to be the equivalent of 3 percent COH^; this level 
of 20 PPM is used as a reference level for data analysis in this 
report, 

A suminary of data received is presented in Fiyure 9 ''Carbon 
Monoxide Average Reading Test Sumii,ary" and Figure 10 "Carbon Monaxide 
Maximum Reading Test Summary." These charts categorize data Into 
values above and below 20 PPM for each NHTSA Region. A total of 7 /d% 
of the school buses tested had average carbon monoxide reaainys above 
20 PPMs and a total of 20% had maximum readings above 20 PPM/ Data 
is presented in bar chart format in Figures 11 and 12- 
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Figure 9. Carbon Monoxide Average Reading Test Summary 



-33- 



ERIC 







No. of 


Percent of 


No. of 


Percent 


of 




ViO m 


icnool 


School 


School 


School 






of 


Buses 


Buses 


Buses 


Buses 




Keg 1 on 


Tests 


Be low C.V rrm 


Below ^0 PPM 


Aboye 20 PPM 


Above 20 


PPM 


T 


•JO 


1 0 




21 


63.6 




T T 
i i 


An 


0 T 
CO 


□ 7.5 


17 


42.5 




III 


176 


155 


88.1 


21 


11.9 




IV 


23 


22 


95.6 


1 


4.4 




V 




N 


] DATA SUBMITTEC 




















VI 




155 


98.5 


4 


2.5 




VII 


34 


25 


73.5 


9 


26.5 




VIII 


, 72 


39 


54.8 


33 


45.8 




IX 


21 


21 


100 


0 


0 




X 


33 


21 


63.6 


12 


36.4 




Total 


591 


473 


80.0% 


118 


20.0% 





Figure 10. Carbon Monoxide Maximum Reading Test Summary 



-34- 



Figure 11. Average PPM CO Sumary 
Bar Chart 
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Figure 12. Maximum PPM CO Summary 
Bar Chart 
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If it can be assumed that the geographical sampling is close to 
representative for the entire United States then 25,200 school buses 
out of the approximately 350,000 (1975) total school buses would 
expose their pupil passengers to carbon monoxide levels in excess of 
20 PPM every school day. The average bus occupancy as reported in 
National Safety Council "Accident Facts 1975" is upwards of 35 pupils 
but may rise or fall several times on a single route trip* Other 
figures supplied by (NSC) show that the pupils carried per route trip 
ranged from 26 to 72^ averaging 48 pupils for route trips that ranged 
from 7 to 70 miles with a 33 mile average. Using these average 
figures provided by (NSC), and us1ny percentages froni Figure 9/10, 
this would mean that on a daily basis approximately 2,116,800 pupils 
would be exposed to "average" levels of carbon monoxide in excess of 
20 PPM, and approximately 1,632,960 pupils would be exposed to 
"niaximum" levels of carbon nionoxide in excess of 5U PPM* 

Figure 13 shows a summary of maximum readings in 5 PPM Increments 
for each test site and NHTSA Reylons (Figure 14). Figure 15 is a bar 
chart display of these niaxlmum readinys versus the percentage of 
school buses tested out of 591 total* 80.0% of all school buses 
tested had readings below 2D PPM and 20.0% had readings above* Of 
special significance in this chart is the 5,4% of the school buses 
tested that had maximum readings above faO PPM of carbon monoxide 
which exceeds the allowable levels of the EPA, OSHA, NIOSH, and 
Colorado standards. 

Figure 16 shows a summary of average readings in PPM increments 
for each test site and NHTSA Reyions. Figure 17 is a bar chart dis- 
play of the average PPM readings versus the percent of school buses 
tested out of a total of 566. 92.8% of the school buses tested had 
readings above 20 PPM and 7.2% had readings above 20 PPh. 1.8% of the 
school buses had average readinys in excess of 35 PPM which exceeded 
EPA, OSHA, NIOSH, and Colorado standards. 

Figures 18, 19, 20, 21 present CO concentrations in PPM as mea- 
sured on a direct reading carbon monoxide meter versus duration of 
test. Sorne tests ran for 30 minutes and others for over an hour. 
Open windows, starting and stopping, and traffic conditions can all 
cause changes in the levels read. Readings were taken at five minute 
intervals in order to obtain the best possible average levels within 
a school bus over an extended period of time. As will be noticed 
from the curves CO levels can change greatly in sliort periods of 
time. Figure 20 shows that even though average levels remain low 
very high peaks can be reached for short periods. The shaded area on 
Figure 18, 19, and 21 represents the total data envelope within which 
all data points fall. These charts are included to show the wide 
variations on data recorded when a large number of buses are tested 
1n one geographical location, and the test results compared with a 
comparable number of buses at a different geographical location. 
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CO CONCENTRATION IN PPM VS PERCENT OF TOTAL 
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Figure 15. Mm Parts Per Mill ion Carbon 
taide Fadings by itSA Region 
Bar Chart 
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Figyre 17. Average Parts Per Hillion Carbon 
Monoxide Readings by NHTSA Region 
Bar Chart 
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Figure 18. yaslilngtofi State 
Februar7-Harch 19?7 
18 School Ouses 




Figure 20, Bellevue, Washington 
April 29, 1977 
Bus #44 
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Figure 21, Connecticut-Rhode Island 
Deceriiber 1976 
33 School Buses 




CONCLUSION AND RECOMMENDATIONS 

At the present time a standdrd deterniininy the inaximurii allowable 
levels for carbon inonuxlde 1n the passenger conipartinent of 
school buses has not been proiiiul gated by any Federal or State 
ayency. Existing standards of tPA, OSHA, NI05H and other 
Federal and State agencies detennine niaxiniuni allowable levels 
for industrial workers over an eight hour period, and although 
these standards can partially serve as guidelines, these are not 
directly applicable to school children and women bus drivers. 
An urgent requireiiient exists to Institute a program to determine 
the critical exposure level of school children to carbon 
monoxide in the school bus environment* 

Results of analyses of test data indicates that a potontially 
dangerous sitLiatlon exists on many school buses In dally use due to 
carbon nionoxide intrusiun levels in excess of the 20 PPM 
reference level in the passenyer compartiMents of these school 
buses. Although in most cases, with proper nialntenance and 
inspection there is no carbon monoxide problem^ test data 
disclosed that a relatively high percentage of the buses testeci 
exceeded the 2U PPM reference level in both the ^'average" and 
"niax i liium " read i n y ca t egor 1 es : 

a* 7.2% of all buses tested liad average readings in excess of 
20 PPf'U (Fi yure 9) 

b, 20*0% of all buses tested had niaxirnuni readings in excess of 
20 PPM at sonie tiine during a run. (Figure 9) 

c, 5.4% of all buses tested had maxiniuni readings 1n excess of 50 
PPM at some time during a run, (Figure 10) 

Data supplied by the National Safety Council in "Accident 
Fact-1976- shows there are about 350,000 school buses in the 
continental United States that travel 2.5 billion miles a 
year while transporting ZZjOOOjOOO pupils daily* Average 
occupancy for all bus nnleage, including deadheading, is 
estimated at about 35 pupils. Miles per route trip ranged 
from 7 to 7 0 miles, averaging 33 nnHes, Pupils carried per 
route trip ranged from 26 to 72 averaging 48 pupils. Route 
trips per bus rangea from 1 to 3 averaging 1.8 trips dally. 

Using the average figures provided by the Ndtional Safety 
Council and assuiring ttiat the percentages obtained during 
the test proyrain are representative of the total school bus 
population this would mean that on a daily basis approxi- 
mately 2,116,800 pupils would be exposed to "average" levels 
of carbon monoxide in excess of 20 PPM, and approxiiiiately 
1 ,632,960 pupils would be exposed to ''niaxiniuiii" levels of 
carbon fnonoxide in excess of bO PPM, 
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3* Carbon monoxide levels were affected by tUe following variables: 

a% Cold weath. tests where windows wsre up and the heaters on 
were general!)^ higher than readings obtained during summer 
months, 

b. Levels In urban areas particularly on heavily traveled 
streets ware significantly higher than in rural areas* 

c* Older model buses particularly those over 6 years old and 
with more than 50,000 miles on the odonieter generally 
producecl higher readings, 

d* Buses that made frequent stops in urban areas on heavily 
traveled streets would have wide changes 1n CO levels as 
opposed to bus runs of over 30 minutes duration where 
readings were relatively constant. 

4* The two factors having the greatest effect on interior carbon 
monoxide levels were "idle CO level" and "cornpartrnent 
integrity." In general high Idle CO levels resulted in high 
interior CO levels^ These levels were significantly higher in 
the drivers areas when a defect existed in the floor pan or 
there were holes in the firewall that permitted CO to enter the 
passenger coripartment* Defects that increased idle CO level 
included ■ 

a* holes in the tailpipe or muffler 
b* rusted out areas in floor of bus 

c. Openings in floor pan or the firewall in the drivers areas 

tailpipe too short and not projecting beyond rear of the bus 

broken pipe hangers that allowed exhaust system to sag and 
cause leaky joints at points of connection. 

Compartrnent integrity was affected by rubber seals around the 
front doorj ernergency door, and windows* ' In some cases when the 
bus was moving these defects resulted 1n increased air flow 
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with the passenger compartments thus lowering the GO levels* In 
other cases^ particularly in traffic, exhaust fumes were drawn 
into the school bus increasing the CO levels. A major point of 
intrusion was in and around the emergency door* A leak of any 
kind at the emergency door seal resulted in increased CO intru- 
sion due to the pressure differential between the inside and 
outside of the bus, CO levels would noticeably increase when a 
bus would decelerate or come to a stop. 

5. In nearly all instances where a level of 20 PPM was exceeded for 
any time period the high level of carbon monoxide could be 
attfibuted to a high ambient CO level or a bus maintenance 
problenh The effect of high ambient CO levels m% particularly 
noticeable in urban areas where the niaxinium reading would reach 
50-60 PPM on streets such as Capitol Street in Washington, D.C., 
and then drop down tu a level of 10-lS PPM when the bus was 
traveling in a residential area* When high leyels of CO were 
measured in the driver area, problem could be traced to leaks in 
firewall near clutch, brake, or gearshift openings. Hi levels 
of CO measured in rear of bus could be traced to leaks in and 
around the emergency door or door seali cumbined with a tailpipe 
that did not extend beyond rear bumper. 

6. School bus inspections are conducted twice a year in niost areas* 
Sonie inspections are conducted at comfnercial garageSi others 
under the supervision of a State Police or department of motor 
vehicle inspector, and others by inspectors working for the 
local school district. These inspections generally consist of a 
walkaround type inspection and seldom include a thorough inspec- 
tion of the exhaust system. In most States, one inspection Is 
performed prior to a school bus being put in operation in the 
fall, and the second inspection may not occur until the follow- 
ing spring. An exhaust system can deteriorate rapidly during 
the winter months and a significant Increase in CO levels can 
occur before a noticeable defect such as a noisy muffler or hole 
in a tailpipe is detected. A proper nialntenance and inspection 
program is essential in order to maintain the integrity of the 
exhaust system and passenger compartment. 

7. An analysis of data collected showed that different makes of 
buses and body types had an effect on the CO levels measured. 
An analysis of school buses by age and nilleage disclosed that 
higher concentrations of CO are measured on older buses, with a 
very noticeable jump in levels measured for buses 6 years or 
older and more than 50,000 miles on them* Higher concentrations 
of carbon riionoKide were measured in the rear as compared to the 
front or middle of the bus. 



It is recommended that the following actions be initiated- 

a. Request that responsible Federal agencies such as EPA or 
NIOSH take action to determine rtiaxltnuni anowable 

level of carbon rnonoxide in a school bus and 
proinulyate the necessary standards or regulations. 

b. Prepare advisories to State ar local school boards of 
education and State agencies responsible for school bus 
inspections defining problems associated with school bus 
carbon tnonoxide intrusion and recormnended maintenance and 
inspection procedures to control or elirninate the problem. 

c. Develop an RSD test program that would include more 
controlled test procedures and test equipments, and would be 
expanded to cover a bus populatlcn of 5,000 to 15,000 buses 
over a 2 year period. 

The data summarized in previous sections compares favurably with 
data obtained from "Field Evaluation of Carbon Monoxide Levels 
in School Buses" (1972, Ref. 1). This study of 112 buses showed 
that 9 buses or 8% had carbon monoxide levels over 25 PPM and 
the average interval carbon monoxide (ICO) level for all buses 
that read over 25 PPM was 36.8 PPM. The study also showed that 
when exhaust systetn defects were simulated by disconnecting the 
tailpipe and the exhaust manifold, the "as received" level of 
4.6 PPM increased to 8,B PPM with the tailpipe disconnected, and 
35.2 PPM with the manifold disconnected. The percentage of buses 
exceeding 25 PPM CO level also increased as exhaust system 
changes were made. From an 8% "as received" condition, the 
percent of CO increased to 13.7% with the tailpipe disconnected 
and to 48. 4% with the manifold disconnected. 
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